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A METHOD OF EVALUATING THE CLINICAL EFFECT OF WARPING A DENTURE:
A CASE REPORT*

Abstract

A complete upper artificial denture^ having a

cross-linked acrylic resin base^ was warped by boil-

ing water. This treatment resulted in a shrinkage

of 0,4 mm across the posterior of the denture with-

out seriously affecting its fit and serviceability.

Additional warpage induced by heating the denture^

encased in gypsum^ in boiling water caused an addi-

tional shrinkage of 0,5 nun across the posterior.

The denture could still be worn^ but its fit was

affected adversely. The relationship was good be-

tween the fit of the denture on a gypsum cast of its

tissue-bearing surface and changes in dimension of

the denture. Both of the foregoing correlated well

with the patterns given by coating a pressure-

indicating paste on the tissue bearing surface of

the denture.

1 . INTRODUCTION

This report demonstrates how great a dimensional change

can occur across the posterior section of an upper artificial

denture without seriously affecting the fit or the functioning

* This investigation was supported in part by a Research
Grant D-605 to the American Dental Association from the
National Institute for Dental Research^ Public Health
Service

,
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of the denture. This is a preliminary report and gives the

data on one patient only. However^ it is presented at this

time to outline a procedure that other investigators can

use

.

The most critical conditions were selected to magnify

any adverse developments in the fit of the denture. The

patient was 73 years old and was very lean. He had worn

dentures for 17 years. Although the ridges were well healed,

the mucosa covering them was very thin with a minimal amount

of soft tissue cushion between the outer mucosa and the bone.

The arch was wide, large and steep. All of these conditions

would aggravate the effect of dimensional change on the fit

and function of the denture

o

2. PREVIOUS WORK ON CHANGES IN DIMENSION
OF CLINICAL DENTURES

A clinical upper artificial denture with a phenol-

formaldehyde resin base which shrank approximately three-fourths

of a millimeter across the molar-to-molar dimension in about

20 months was described in a previous publication [1], This

shrinkage occurred gradually and did not affect the fit, function

or comfort of the denture. The patient has worn this denture

for almost 20 years. No data are available beyond 27 months because
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the reference lines wore off. Similar technic dentures having

a phenol-formaldehyde resin base continued to shrink after they

were processed. These changes were checked qualitatively

by making an artificial stone cast of the tissue-bearing

surface of the artificial denture after receiving it from

the laboratory. If the denture did not reseat on the cast,

some dimensional changes had taken place. Photographs

showing such changes have been published previously [2]^

Several years ago the National Bureau of Standards

and the dental service of the Veteran *s Administration

cooperated in a study of the dimensional stability of

clinical dentures made with heat-curing and self-curing

acrylic resin bases After six years the greatest change

found was three-fourths of a millimeter (molar -to -molar

and flange -to -flange) in a lower artificial denture made

with a self-curing acrylic resin base. The patient was

\inaware of any dimensional change in the denture.

All of the foregoing changes in dimension occurred

slowly. Therefore, the tissues could easily adapt to the

gradual changes without the patient realizing that any

change was taking place.

3. GENERAL PATTERN OF THE EXPERIMENT

The following experiment was designed to cause comparatively

large dimensional changes rapidly in order to determine the amount
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of dimensional change that could be detected clinically^ where the

changes were manifested^ and what their effects were.

Complete upper and lower dentures were processed from a

cross-linked, powder-liquid acrylic resin, in November 1957

for a thin male patient 73 years old. He wore these dentures,

which were satisfactory in all respects, until June 1958, when

a new complete upper denture of the same material was fabricated

.

This second denture was made in order to improve esthetics, to

determine the dimensional changes of a thicker denture of the same

shape and material, and to serve as a replacement for the original

upper denture which was to be warped experimentally. Both

upper dentures were highly satisfactory to the patient as far

as function and retention were concerned; but, upon questioning,

the patient preferred the thicker denture because he said it

"felt more natural," He experienced no difficulty at any time

from alternately using the two upper dentures. The new upper denture

was worn by the patient from June 12, 1958 to August l8, 1958.

The original denture, which had been worn by the patient

for seven months, was stored in water for nine weeks while he

wore the new denture. The original denture then was worn by

him for two days immediately preceding the warping.

The dimensional changes on the dentures were followed by

the technics used by other workers [1 - 4], Quantitative

linear changes over the posterior section of the dentures

were followed during processing, during use in the mouth, and

after each treatment of the denture, The denture was conditioned
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in water at 73 ± 2°F. for thirty minutes before each series of

measurements. The dentures were measured at this temperature in

order to minimize changes in dimension caused by the high

thermal expansion of the resin.

To show gross changes qualitatively^ a gypsum cast was

poured into the denture before it was warped. The fit of the

warped denture on the cast was then compared with the linear

changes. The fit of the denture was also checked in the mouth

by using a coating of pressure-indicating paste on its tissue-

bearing surface.

The denture was first warped by boiling in water for

15 minutes and then cooled rapidly in water at room temperature.

The second warping was accomplished by investing the denture

in gypsum and then by boiling the invested denture in water for

40 minutes followed by quenching immediately in water at room

temperature

.

4 . DATA

Linear changes over the molar-to-molar and flange-to-f lange

distances were measured on the original upper and lower dentures.

As shown in Figure 1, the molar-to-molar shrinkage (AB) from the

wax form to the polished resin denture was approximately 0.7

percent (0.4 mm). A recovery of slightly over 0.2 percent (O.l mm)

occurred during the first three months of use . At this time apparent

equilibrium conditions were reached as no significant changes were
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noted up to nine months of use* The foregoing changes were so

small that they had no detectable effect on the fit and function

of the dentures.

Plange-to-flange measurements, where they could be made,

were of the same order as the molar-to-molar measurements* Thus

the shrinkage and expansion were nearly symmetrical and no

significant warpage was taking place.

Step 1 . Immediately prior to warpage of the original

denture, the undercuts were blocked out with clay and a

gypsum cast was poured. The pouring of the gypsum cast caused

both the molar-to-molar and flange-to-flange distances to

lengthen on the average about 0.12 percent (0.08 mm). The

flanges were bent out by the force of the setting expansion of

the gypsum about 0.11 mm. At the same time the molar-to-molar

portion of the denture was stretched over 0.04 mm. Thus the

dimensional changes of the denture induced by the setting expansion

of the gypsum caused a slight warpage but the denture on removal

from the cast returned almost to its dimensions prior to pouring

the cast (Figure 1). The amount of these changes can be explained

by the linear unrestricted setting expansion of the gypsum

(artificial stone) (0.1 percent). It is surprising that the

crystal thrust, or whatever is responsible for the setting

expansion, can exert that much force.

Step 2. When the original denture had been in use two days

the patient was re-examined. The upper denture exhibited excellent
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retention and stability and had been perfectly comfortable.

The denture was dried and the entire inner surface was coated

with pressure-indicating paste *
, spread thinly so the brush

marks would show. The denture and the upper ridge were sprayed

with an emulsion supplied with the pressure-indicating paste.

The denture was ins.erted firmly and the patient was instructed

to simulate chewing for thirty seconds. The border seal was

released and the denture was removed carefully. A photograph

made of the tissue-bearing surface of the denture shows a

relatively even distribution of contact between the denture and

the mucosa (Figure 2). The denture also fitted the gypsum cast

which had been poured into it (Figure 3)*

Step 3 > In an attempt to warp the denture, it was placed in

hot water (180 - 190®F) for 25 minutes and then quenched in water

at 75 ± 5®P« denture was then conditioned in water at 73 ± 2®F

for 30 minutes and tried on the cast. The fit was equally as good as

that shown in Figure 3* The molar-to-molar and flange-to-flange

measurements were about the same as previously (Figure 1). Very

little warpage had been caused by heating the denture in water

at 180- 190®F for 25 minutes. Evidently 180 - 190®F was not high

enough to release the Internal strain.

* P.I.P. Pressure Indicator Paste (Mlzzy, Inc.)
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Step The denture was given to the patient, who ate his

lunch and returned two hours later. During this time the denture

was perfectly comfortable and the retention was excellent.

Step 5^ The denture was boiled for I5 minutes and then

quenched in •water at 75 ± 5*^F«* Molar-to-molar and flange-to-

flange measurements showed a considerable shrinkage (0.9^ percent

[0.51 mm] and 0.46 percent [0.33 mm], respectively) (Figure 1).

The dentiire would not seat on the original cast (Figure 4). There

was no noticeable resistance from the tissues when the denture

was Inserted after coating with pressure-indicating paste. The

patient simulated chewing for 30 seconds. The denture appeared to

fit very well. The patient had no pain, but said, "It felt a

little bit tight.” Photographs of the tissue-bearing surface of

the denture show the newly evident pressure areas on the buccal

surfaces of the tuberosities (Figure 5).

Step 6 . A gypsimi cast was poured into this warped denture

after the undercuts in the denture were blocked out with clay.

Reference to Figure 1 again shows that the denture was expanded

on the average about the same amoimt as previously across the

posterior region; when it was removed from the gypsum cast

the denture returned to the dimensions it had prior to pouring

the cast.

* The release of strain in an acrylic resin denture by boiling
in water was demonstrated years ago. [5]
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Step 7 » The denture was returned to the patient at 4:30 p*m.

The occlusion and retention were very good. No pain was

experienced. The patient said, "If anything, it fits better

or somewhat tighter than before."

Step 8 . The patient returned at 9^30 a.m. the following

day. The denture had been worn until retiring at 11:00 p.m.

the night before. He had experienced no difficulty or pain,

had been able to eat very well, and said that he had completely

forgotten about his teeth during the evening. The denture was

coated with the pressure-indicating paste and the patient simulated

chewing for 30 seconds. Phtographs (Figure 6) of the tissue-

bearing surface of the denture show little of the impingement evident

the day previous (Figure 5) • Since the denture had not expanded

and would seat on the, gypsum cast (Step 6), there must have been

an accommodating change of the tissues in response to force exerted

by the warped denture. Changes of a much greater size than these

have been caused in the oral soft tissues by ill-fitting and

improperly occluding dentures [6],

Step 9 « The denture was boiled in water for 30 minutes and

then quenched in water at 75 - 5°F. The linear measurements

showed only negligible changes (Figure l) . The warped denture

seated on the gypsum cast which had been poured into it

(step 6) , The pattern given by the pressure-indicating paste was

the same as Just prior to the boiling. Apparently boiling the
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dentiire in water for I5 minutes on the previous day had relieved

the strain to such an extent that no additional internal strain

was released by the second boiling* It therefore seemed necessary

to flask the denture during boiling in order to cause further

distortion*

Step 10* A gypsum cast was poured into the denture without

blocking out the undercuts* The denture on this cast was then

Invested in a Hanau upper flask using four separate mixes of

gypsian; the porcelain teeth were covered with a double layer of

tinfoil 0*001 inch thick to prevent breakage upon deflasklng* The

flask containing the denture was placed in boiling water for 40

minutes and then cooled immediately in water at 75 ± 5®F for I5

minutes* The denture was deflasked but left on the cast* There

W30S a slight space between the posterior palatal edge of the

denture and the cast (Figure 7).

The linear dimensions across the posterior showed no appreciable

change on the flange-to-flange distance and 0.09 percent (0*05

shrinkage (Figure 1) as long as the denture remained on the cast*

This molar-to-molar shrinkage is evidence of the internal strain

placed in the denture by boiling it in water when flasked* As

soon as. the denture was removed from the cast the flange-to-flange

measurement shortened over 0*8 percent (0.6 mm) and the molar-to-molar

measurement shortened 0*7 percent (0.4 mm). These changes were

anticipated since resin with a high coefficient of thermal expansion
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(45 X 10"^/°F) was rapidly heated and cooled in a gypsum mold

having a low coefficient (ll x 10“*^/°F) . The incorporation

of internal strain in dentures subjected to heating and cooling

when incased in gypsum has been demonstrated previously [7^ 8].

Step 11 . When first inserted^ the denture casued slight

pain to the patient. It did not rock and caused no pain when

completely seated. The patient simulated chewing for 30

seconds. Photographs (Figure 8) of the tissue-bearing surface

of the denture with the paste lining again show large pressure

areas on the lateral sides of the right and left tuberosities.

The denture^ when mounted on the original cast^ showed a space

approximately 2 1/2 mm wide between the posterior palatal

edges of the denture and the cast (Figure 9)«

Step 12 . The denture was returned to the patient at

4:00 p.m. with no adjustment,. The denture had good retention^

did not rock and caused no pain to the patient. He said^ "It

just has a tight feeling." The patient returned at 9^30 a.m,

the next morning. He said that he would be glad to get the

denture out this time. He noticed no loss of retention^ and

experienced no difficulty in eating with it. He had left the

denture in until retiring at 11:00 p.m. and had worn it for

three hours the next morning^ including breakfast. The patient

said^ "If anything^ the denture fits better than before^ other than

for a dull soreness^ which is only on the right side. II
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Examination of the upper and lower arches revealed

that the only inflammation was on the greatest convexity

of the upper right tuberosity* The denture was then inserted

after coating with the pressure-indicating paste, and the

patient simulated chewing for 30 seconds. Photographs (Figure

10) of the tissue-bearing surface of the denture again (as

under Step 8) show a decrease in the size of the pressure areas

on the lateral sides of the right and left tuberosities when

compared to the previous day (Figure 8), These contact areas

in the tuberosity region of the dentxire were relieved by

removing a thin layer of resin. The denture then felt

perfect:ly comfortable to the pat^lent, but did not seem to fit

quite as well to the dentist. However, it did not show a

tendency to fall down.

Step 13> The denture was measured 24 hours after warping

and showed a shrinkage of 0.05 percent ( 0.03 inin) across the

molars and an expansion of 0.09 percent ( 0.06 mm) across the

buccal flanges since the previous afternoon (Figure 1), These

small changes may have been caused by the release of some

of the strain. The lower denture was measured at this time

to determine whether the rather severe warpage of the upper

denture had caused any changes in dimension in the lower

denture. There was no significant change found in the lower

denture, which had been measured eleven days previously

(Figure 1).
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Step Ik . The new upper denture was returned to the patient

at this time. It did not press on the uncomfortable upper right

tuberosity, nor did it lack retention.

Step 15 , The original denture showed a slight recovery In

dimension (Figure 1) after five days storage in water at 73 ^ 2®P.

Step l6 . When the warped denture was tried in the mouth a

week after the new denture had been worn, the warped denture did

not appear to fit nearly as well as fomerly. It had a tendency

to fall down and rocked slightly.

Step 17 > Additional measurements of the original upper

denture, kept in water at 73 - 2®P for 11 weeks, showed no

significant dimensional changes,

5. SUMMARY AND CONCLUSIONS

1, Linear changes were measured across the posterior

portions of one clinical set of complete upper and lower dentures

during processing, during nine months of service, and after

inducing warpage in the upper denture. The denture base was a

cross-linked acrylic resin of the powder-liquid type.

2. The molar-to-molar shrinkage from the wax to the polished

resin denture was less than 0,4 mm. A recovery of slightly over

0.1 mm occurred during the first three months' use. At this

time apparent equilibrium conditions were reached as no

significant changes were noted up to nine months of use. These

changes were so small that they had no detectable effect on the

fit and function of the dentures.
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3« Flange-to-flange measurements, where they could be

made, were of the same order as the molar-to-molar measurements.

Thus the shrinkage was. nearly symmetrical and no large warpage

was taking place.

4e When a gypsum cast was poured into the upper dentiire,

both the molar-to-molar and the flange-to-flange distances

Increased about the same amount as the unrestricted setting

expansion of the gypsvm. When the denture was removed from

the cast, almost complete,. recovery occurred to the dimensions

of the denture prior to poiirlng the cast. Thus no appreciable

permanent distortion occurred when a cast was poured in the

denture.

5* No Internal strain was apparently released when an upper

denture made of a cross-linked acrylic resin of the power-liquid

type was heated to 180 - 190®F for 30 minutes.

6. Boiling the denture for 15 minutes in water caused warpage

which was manifested by shrinkages of 0.51 nun from molar-to molar

and 0.33 nun from flange to flange. The denture would not seat

on the gypsum cast that it fitted formerly.

7* This warped denture was serviceable and comfortable.

Evidence of heavy contact of the denture on the buccal surfaces

of the tuberosities was evidenced by the pattern of a pressure-

indicating paste coating placed on the tissue-bearing surface of

the denture. A similar pattern taken the next day showed
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considerable reduction of the areas in heavy contact. Since the

denture had not changed in dimension, the tissues made an

accommodating change.

8. No further warpage was caused when the denture was

rebelled in water for 30 minutes. Apparently the boiling of
t

the denture for 15 minutes on the previous day had annealed

it to such an extent that no additional internal strain was relieved

by the second boiling.

9. Further warpage of the denture was obtained on boiling

the flasked (gypsum Invested) denture in water for 40 minutes followed

by cooling rapidly in water at room temperature. The warpage was

manifested by a shrinkage of 0.4 mm on the molar-to-molar distance

and 0.6 mm on the flange-to-flange distance. This made the

total Induced shrinkage across the posterior section of the denture

approximately 0.9 mm on the average.

10.

The additional warpage caused by boiling the flasked

denture caused some slight pain when the dentiire was inserted, but

no pain .after it was seated. Larger areas of impingement on the

lateral sides of the tuberosities showed up in the pattern of the

pressure-indicating paste coating. The denture felt uncomfortable

after wearing for several hoiirs, but again the lateral pressure

areas on the tuberosities had diminished in size from the previous day.

When these areas of Impingement were relieved, the denture felt

comfortable and did not have a tendency to fall down. However,

when the warped denture, which had been kept in water while the
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new denture was being worn, was reinserted after a week it had

very poor retention.

11. Shrinkages up to 0.5 mm across the posterior section of

a complete upper denture did not cause serious misfit and discomfort.

When the shrinkage was Increased to 0.9 mm the dentiure did not

fit properly.

12. Dimensional changes occurring in the processing of resin

dentures are usually of a much smaller order than the Induced

shrinkage of the upper denture used in this experiment and

probably have less clinical significance than many dentists have

indicated.

13* The fit of a denture on a gypsum cast tha^ had been

poured into the denture, indicated qualitatively the shrinkage

that the denture \mderwent after the cast was poured.

14. A film of pressure-indicating paste on the tissue-bearing

surface of a denture to detect areas of hard contact between the

denture and the mucosa showed the position of change in dimension

that occurred in a complete upper denture.
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Figure

5.

Pattern

of

pressure-indicating

paste

on

the

tissue

-bearing

surface

of

the

denture

warped

by

boiling

water

for

15

minutes

«

Compare

central

(vertical)

view

with

the

pattern

shown

in

Figure
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Oblique

views
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surfaces
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the
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right
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their
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the

vertical

view.





J T3

h 3 bO
CO 0 p

CO j:: •H
hO 0 4-3 T3
C 4J 0
•H d JG O
U C -P 0
ccJ •H *H P
Q) B ^

0
J LA C a
(U rH O
P CO

CO P *H 0
to O P P
•H «P Cd 0
-P P, 0

P s •H
0 0 o 4->

4J O
4^ cd 0

^ < -P
C 4-3

O P
•H • 4->

0 0 Cd
4^ fao p x:
W p p -p
cd tH o
p^-H x: 0

•H ^
hO O -:t o •

P 43 CM x: 4^
•P 0 o
-P >5 >5 cd

0 rQ LA-P
O 0 P
•H T3 -P 0 o
T3 0 cd p o
P ft B p
•H p •H 50 T3

1 cd X •H p
0 o ft cd

P p x:
P 0 ft p
0 P ft*H ft
0 P cd o
0 4-3 P
P p P cd

ft 0 o O 0
ft -p P

tP 0 cd

O cd p
p 0 0

P ft o p x:
P o P 4-3

0 0
-P 0 p -p B
4-3 o 0 -p o
cd cd -P cd P
pL, C|h -p P^Ch

t

Q)

hO
•H





o CO 0 CO •H >
(d ^ cd T? (U 0)

1—

1

o P
0 0 P CO P
,Q O s cd •H -P
Pi o rtJ 3 1—

1

P
-p Pi CO o T3 CD

-P CO Cl, B a
CO P^ K 1 cd

*H o (U o CD

'D •H X3 -p
a Eh (D 1 r—

1

iH T3

C m
tH o5

(U LT\ oj H
bOO U

C^

<D

hO
•H
Ph





<D

S(U <D ?
•H xj g^ -P x!

d) CO

b d) ^-1

w x! o Pi

M P P<

fl w di

b p 0) p
ct! XJ P

d) X P td

X p to p<P
, d) H dj

d P td X
o o b P
^ d) ^

(D. P PIX td O
to * H
(d d) d

hop P p
E^cuP t3 O (U

Q 'o dJ cd

d) P d)

C & § &
*^i^x

(DO I

^ H to

P »rl »rl

td w •

d) ci)VD

^ *3 £ +3 d)

d d) «vh w d
d o o o 8)
0 cd P<'*H
4J> (in 4^ dJ

Pl, to d P -H

OD

d)

to
*H



ti S'l



ft-p

Q>

w m (u jd
Pi > -p
\>iU} Ti
hO CD -P
U aj

H d -P
ctJ bO*H
d *H H
•H fiH

bO
•H d
U -H

d
o

0)

cd

d -p
d
(D

CD

u
d

o 0 13 P
p P d

0 ? P 0 0
o p pP XJ H P
03 0

d 0 ft P
O 0 d O P

03 d
0 O 5op ft
d P •H *H O
p p ft .

d
d P d 0 o
0 P •n p ft
T3 *H P 0

0 d
73 P d 0
0 P cd 0 B
ft-H •p 0 ft
d ft

0
^ pp

P 0 0
* *d P P P
0 p P
O -P o d ^
•H p 0 d
^ ft 0 ft
-P O 0 0

O 03

CD

-P

o

pH

d
o
C/3

CD H
d
(D

>i CD

bO

d «di

CCj (D r-l

ft d o

O >J w
O p *H

I
o

TD

ON

(D

d

S>
•H
ft





/

o
K

r-*i p
o

p cO
ct3 O •p

'J Fi P d
U) P CD o

o
W O CO
i: TD
p ft CD d
f-i ft U (d
CO ccJ d P
CD bO
P U P d

1 O ft P
CD ft
d d w
w d p cd
CD d
P o dP p

o P
CD d P
P 0 CD 0
P 0 d
p d 0

d d P
o 'O 0

cO P
CD p p 0P cO d
CD P ft w
cd P w
ft 0 p

Jh jd -P
bO CD P
d P 0
p P p pp 0 p p
cd p
o 0 ^ ft
P d o

d d
d p o dP d CD O
1 0 p p
0 T3 d CD

d cd CD

d X5 & CD •

CD 0 S O 0
CD ft O 0 d
0 d Odd
d CO p
ft ^ < 0 d

i H 0
ft 0 P T3
o o • cd

p CD d 0
d d CD P
d p d TJ P
0 O Pp cd P CD pp d p
(d ft -=t o P
ft 0 c^ o ^

•

o
H
0
d
d
bO
P
ft



V

i i .

‘p •

'

i

j

1

c4:

(
v,‘

. ‘I

. t, V ; .

•~yi'> -iit,

.

I


